Transcatheter arterial chemoembolization (TACE) is performed worldwide for patients with intermediate-stage hepatocellular carcinoma (HCC). TACE has produced survival advantages in two randomized controlled trials and a meta-analysis, and is currently the mainstay of treatment for this stage of HCC. However, there are currently no global guidelines regarding the dose, choice or combination of cytotoxic agents for TACE; therefore, it is difficult to compare data from different TACE studies. In Japan, most of the TACE procedures have been based on iodized oil as conventional TACE, utilizing the microembolic and drug-carrying characteristic of iodized oil. Superselective TACE with lipiodol is the primary TACE procedure that has reported satisfactory levels of local control associated with a lower risk of complications. Conversely, TACE performed using drug-eluting beads has been widely used in western countries, and this has shown similar tumor response and median survival compared to conventional TACE. Moreover, the combination of TACE and molecular targeted agents is now ongoing to evaluate the synergistic effect. In this review, the indication, technical issues, and complications of TACE are reviewed.
Introduction
Hepatocellular carcinoma (HCC) is the fifth leading cause of cancer-related deaths worldwide [1] . Currently, many cases of HCC are detected at an early stage as a result of screening of high-risk patients. Conventionally, hepatectomy and liver transplantation were considered to be the only therapeutic options with the potential to achieve a complete cure. However, only between 9%−29% of patients will benefit from hepatectomy because of the high incidence of complications due to chronic liver disease.
Transcatheter arterial chemoembolization (TACE) is widely performed globally as an effective treatment for inoperable HCC. In 1977, Yamada et al. developed transarterial embolization (TAE) [2] ; thereafter, an emulsion of lipiodol (Lipiodol UltraFluid®, Andre Guerbet, Aulnay-sous-Bois, France) and an chemotherapeutic agent were added that led to the creation of TACE [3] [4] [5] [6] [7] [8] [9] [10] [11] . TACE with a lipiodol-chemotherapeutic agent suspension and gelatin sponge (GS) particles, has been mainly promoted in Japan, and is currently known as the conventional TACE (cTACE) and is distinguished from TACE procedures that use drug-eluting beads, the latter that is mainly promoted in Europe and the United States.
Embolization of the hepatic arteries causes tumor necrosis because these arteries feed nutrients to the HCCs. Furthermore, high concentrations of concomitantly used chemotherapeutic agents are retained in the tumors for prolonged periods of time, thus, enhancing subsequent necrosis. However, the liver parenchyma surrounding HCCs is supplied by both the arterial and portal venous circulations; therefore, it does not undergo necrosis due to arterial embolization alone. When the arterial blood flow is occluded, portal blood regurgitates into the tumor through the portal vein and surrounding sinusoids, which are the drainage veins of the tumor, to consequently facilitate tumor survival [12] . Accordingly, the incidence of local tumor recurrence after TACE is relatively high. In segmental cTACE, the reported cumulative local recurrence rates are 46% at two years, 58% at three years, and 63% at five years, which are higher than those found in the rates reported after surgical resection or radiofrequency ablation (RFA) [13] . Better local cancer control and improved treatment outcomes have been accomplished through the use of improved catheters and advanced equipment, such as a unified computed tomography (CT) angiography system, as well as ultra-selective TACE performed for small HCCs [12] .
In this article, we describe the historical course of TACE, its practical applications/methods, and the current performance status, such as treatment outcomes based on our experience, followed by a future perspective that includes attempts to improve local curability.
Indications of TACE
TACE is essential for cases of inoperable advanced HCC that are not subjected to percutaneous local therapies, particularly for hypervascular HCCs that exhibit dense staining on contrast images of the hepatic arteries. This procedure is currently performed as a standard treatment method, particularly in Japan [6, 14] . In the early 2000s, two randomized controlled trials reported that TACE positively influenced the aforementioned antitumor effects and survival rates when compared with symptomatic treatment; however, both reports excluded Okuda class III and Child-Pugh class C patients. Furthermore, in a meta-analysis of 18 reports conducted by Camma et al., the overall two-year mortality rate was significantly lower in the TACE group than in the untreated group (odds ratio, 0.54; 95% CI: 0.33, 0.89; p=0.015) [15] . The exclusion criteria of the RCT stated that TACE for advanced HCC contributed to prognostic improvements and recommended the avoidance of cases with poor liver function, such as Okuda Stage III and Child-Pugh class C, in addition to non-selective TACE. The initial staging [14] conducted by the Barcelona Clinic Liver Cancer (BCLC) group categorizes cases as (1) Stage B (intermediate stage), ≥4, Child-Pugh A-B, Okuda I-II, and performance status of 0-2, or (2) Stage C (advanced stage), with a performance status of 1-2, the absence of portal vein invasion, lymphadenopathy or metastases. This is very similar to the 2005 Japanese guidelines [14, 16, 17 ] that described a hepatic disorder level of A or B (corresponding to the Child-Pugh classification) as 2-3 HCCs exceeding 3 cm and at least 4 cm (regardless of size) [17] . Following publication of the results of the large-scale SHARP study in 2008, which examined unresectable and advanced HCC [18] , sorafenib was recommended as a standard treatment for advanced HCC. Therefore, Stage B (intermediate stage), or ≥4 tumors with a Child-Pugh grade A-B and performance status of 0-2 was determined to be the only indication of TACE/TAE in the guidelines published by the Society of Interventional Radiology (SIR) in the U.S.A. and the revised American Association for the Study of Liver Disease guidelines published by the BCLC group [19] .
In June 2014, the Clinical Practice Guidelines for the Management of Hepatocellular Carcinoma, proposed by the Japan Society of Hepatology (JSH), were updated in a consensus meeting of the Liver Cancer Study Group of Japan (LCSGJ), after which the revised JSH-LCSGJ Consensus-based Treatment Algorithm for HCC was published; this revised document included a new consensus regarding suitable management of HCC in Japan [20] . This algorithm suggests that TACE is the first choice of treatment in Child-Pugh A/B patients with four or more HCCs. Even for single to less than four HCC nodules exceeding 3 cm in diameter, combination therapy of TACE and ablation is frequently performed when resection is not indicated. Furthermore, resection and TACE is frequently performed when portal invasion is minor such as with intraportal tumor thrombi (Vp1, Vp2). Local ablation therapy or subsegmental TACE is performed even for Child-Pugh C patients (CP score 10 and 11) within the Milan criteria, when transplantation is not indicated. However, no unified, clear eligibility and non-eligibility criteria for TACE are currently available in Japan. At our institution, the Child-Pugh classification is considered important. A liver function score of Child-Pugh A or B is considered as an indication of TACE. However, in cases with bilirubin values >2 mg/dL or ascites even with a liver function score of Child-Pugh B, we attempt to limit the embolization area as small as possible. In principle, we do not perform either TACE or local treatment for cases with liver function scores of Child-Pugh C. We perform TACE alone for cases with multiple (≥6) tumors (regardless of size) and relatively maintained liver function score of Child-Pugh A or B. In Japan, some institutions define intraportal tumor thrombi including Vp1 and Vp2 on the peripheral side of the secondary branching as indication for TACE. In addition, indications may also include cases in which percutaneous local therapy is difficult despite a small tumor size and cases in which the hepatic lesion is the prognosticator despite distant metastasis (liver dominant disease).
Treatment Procedures
The general cTACE procedures used at our hospital are described as follows. 1 Before the procedure, we conduct diagnostic imaging using ultrasonography (US), US contrast imaging, dynamic contrast-enhanced CT, and gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid (Gd-EOB-DTPA)-enhanced magnetic resonance imaging (MRI) and, as required, CT angiography (CTAP: CT during arterio-portography, CTHA: CT hepatic arteriography). By combining these imaging findings, we can determine the localization and number of tumors, characteristics of the tumor(s), level of arterial flow, presence or absence and degree of invasion of the portal vein and/or bile duct, and the embolization range and level (e.g., subsegmental or segmental), as well as the drug to be injected.
2 Determination of Lipiodol dose: Determination of the type and dose of the chemotherapeutic agent, as well as the injected Lip dose, is very important because this correlates closely with the therapeutic effect and complications [3-8, 10, 11, 13, 21] . First, we confirm the size and number of tumors and quantity of tumor vessels from the preprocedure diagnostic images and intraprocedural digital subtraction angiography (DSA) and eventually determine the Lip injection dose by comprehensively considering the level reached by the catheter (e.g. we choose 5-6 ml of the injected dose of Lip, if the tumor is 5 cm in diameter, or we choose approximately 5 ml in a segmental artery), degree of liver shrinkage and hypertrophy, and liver function, among other factors.
3 Chemotherapeutic agents: The effectiveness of all chemotherapeutic agents used in TACE for HCC have been determined [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] 21] . Generally, the anthracyclines including doxorubicin and epirubicin are used worldwide and in Japan, respectively. Powdered water-soluble cisplatin and fat-soluble miriplatin are also clinically available. For epirubicin, 30-60 mg are dissolved in a volume of water-soluble contrast medium equivalent to half of the Lip injection volume, followed by emulsification with Lip via mixing with 20 pumps. For cisplatin, 65 mg/m 2 are directly mixed with Lip via ultrasonic agitation or another technique. Miriplatin, a fat-soluble platinum preparation, is also used via direct dissolution in the Lip injection dose. In some cases, a sufficient volume of miriplatin-Lip suspension cannot be injected into the tumor because the highly viscous suspension is retained inside the feeding vessel at an early point during intra-arterial injection. In such cases, the embolic material also cannot be sufficiently injected, thus potentially reducing the therapeutic effect of TACE with miriplatin. The viscosity of miriplatin can be reduced by warming it, as the ratio of viscosity at 40 °C to that at room temperature (25 °C) is 0.51. Accordingly, pretreatment warming has been reported to improve the therapeutic effect of TACE [22, 23] .
4 GS particles: The size and amount of injected GS particles are also related to the embolic effect and adverse reactions. Two different sized GS particles, with diameters of 1 and 2 mm, are commercially available and are widely used in Japan. GS particles are injected until blood flow in the target artery is fully restricted.
5 Super-selective microcatheter insertion: In segmental TACE, accurate identification of the tumor-feeding artery and accurate catheter insertion are the keys to success. It is important to embolize with an adequate safety margin following confirmation of the relationship between dense tumor staining and the embolization area via DSA and, as required, selective CTHA after inserting a microcatheter into the arterial branch intended for embolization. We usually decide the adequate safety margin is 5-mm wide for tumors <25 mm, and 10-mm wide for tumors ≥25mm [24] . We use CT or CBCT to monitor the embolization area during the procedure (Figure 1 ). In addition, useful software has recently been developed for a CBCT-based automated tumor-feeding vessel tracking system. Given the fact that tumorfeeding vessels can be identified with an 88% accuracy in liver malignancies of <3 cm in size [25, 26] , this technique is useful when the feeding vessel is difficult to identify. Table 1 shows the outcomes of TACE, primarily with respect to survival rates. According to Takayasu et al., two large-scale, prospective cohort studies pertaining to factors contributing to an improved prognosis with Lip-TACE (use of Lip emulsion and GS particles) for unresectable HCCs were conducted on a nationwide scale by the Liver Cancer Study Group of Japan [8, 28] . The maximum tumor diameter was found to be a prognostic factor. In another RCT, Lo et al. reported that a tumor diameter of ≤5 cm was a good prognostic factor [11] . The 5-year survival rate reported by Takayasu et al. was lower than that reported by Matsui et al. in 1993, even among cases involving tumors of ≤3 cm [6] . In other words, the subsegmental TACE performed by Matsui et al. had a stronger antitumor effect relative to the com-bined so-called TACE (details of the embolization sites were unknown). Although the tumor background and differences in liver function must be considered, the technical aspect was likely reflected in this therapeutic outcome. In the latest reports, according to a large-scale tabulation of Japanese cases by Takayasu et al. [28] the survival rates of 4,966 Child-Pugh A and B cases were 87% at one year, 70% at two years, 55% at three years, 42% at four years, and 34% at five years, respectively. After limiting cases to Child-Pugh A and single tumors (n=1,475), the rates increased to 93% at one year, 83% at two years, 73% at three years, 62% at four years, and 52% at five years, respectively (table 2). Yamakado et al. compared the prognoses between patients who underwent embolization on the peripheral side of the segmental artery (n=703) and those who underwent more proximal embolization (n=112) and showed that the cumulative survival rates of the former group were 83% at one year, 65% at three years, and 41% at five years, in contrast to 87%, 51%, and 27%, respectively, in the latter group, indicating that the TACE technique influences prognosis (p=0.0034) [27] . Takaki et al. reported that the survival rates of the subsegmental TACE group (n=93) in 1, 3, 5, 7, and 10 years were 90.3%, 62.9%, 48.1%, 22.5%, and 12.9%, respectively, whereas the corresponding rates in the segmental TACE group (n=106) were 92.5%, 66.9%, 30.5%, 18.3%, and 6.1%, respectively; although these findings demonstrated a better trend in the subsegmental TACE group, no significant difference was observed (p=0.4421) [13] . 
Therapeutic Efficacy of TACE

Complications
TAE/TACE has been associated with low mortality rates. According to the report by Takayasu et al., 44 (0.5%) of 8,510 patients died of TACE-related causes. The causes of death included hepatic insufficiency in 18 patients, malignancy in eight patients, intraperitoneal bleeding in seven patients, gastrointestinal hemorrhage in five patients, and other causes in six remaining patients. The degree of hepatic dysfunction was grade B or C in 82% of the 44 patients [8] . Generally, post-embolization symptoms such as fever and abdominal pain develop during a period of several days after TACE, although the degree of severity varies. Other serious complications include hepatic abscess and ischemic complications (e.g. hepatic infarction, hepatic insufficiency, cholecystitis, and bile duct necrosis), for which care must be provided. In addition, in TACE procedures involving the hepatic collateral pathways that feed HCCs, care should be taken for non-target embolization. 
Drug-Eluting Bead (DEB) TACE
TACE procedures in Europe and the U.S.A. mainly use a non-absorptive spherical embolization substance measured in units of several hundred μm (microspheres). DEBs that adsorb and gradually release chemotherapeutic agents have been put into practice, thus conferring the role of drug carriage [35, 36] on the beads themselves. DEB TACE is widely used for HCC in Europe and the U.S.A.; in particular, a doxorubicin-adsorbing type of DEB called DEBDOX™ is used. Recent reports have begun to describe the 5-year survival rates associated with DEB-DOX™. Burrel et al. reported survival rates of 89.9% at one year, 66.3% at three years, and 38.3% at five years with a median survival time of 48.6 months [37] , whereas Malagari et al. reported corresponding survival rates of 93.6%, 62%, 22.5%, and a median survival time of 43.8 months, respectively [38] ; both studies indicate relatively good outcomes. Comparisons between DEB-TACE and Lip-TACE represent an interesting and important theme. In PRECI-SION-V, a Phase II RCT of DEBDOX™, the response rates at six months (primary endpoint) were 52% and 44% in the DEB-TACE and Lip-TACE groups, respectively, with no significant difference (p=0.11), thus indicating the non-inferiority of DEB. However, because significant differences were detected among cases with scores of Child-Pugh B, lesions in both lobes, and disease recurrence, DEB-TACE was proposed as a useful treatment for advanced cases [29] . In an RCT published by Sacco et al., on-demand TACE was performed using an average doxorubicin dose of 55 mg, and the resulting two-year survival rates were 86.8% and 83.6% in the DEB-TACE and Lip-TACE groups, respectively; no significant difference was observed [31] . Moreover, in a recent retrospective comparison conducted by Song et al., after limiting the analysis to BCLC-B cases, the local control, time-to-tumor progression (TTP), and total survival time were superior in the DEB-TACE group [33] . All of these reports state that DEB-TACE is superior with respect to sustained drug-releasing capacity and reduction of postembolization syndrome. However, there is no consensus regarding local control and survival time because of significant influences from differences in the clinical stage, hepatic sparing ability, and technical factors, among other factors.
Combination Therapies with a Molecularly Targeted Drug
TACE and sorafenib are currently standard treatments for intermediate and advancedstage HCC, respectively. Recently, there has been interest in combining antiangiogenic target agents with TACE to decrease post-TACE angiogenesis and to improve the efficacy of locoregional therapy as well as possibly decreasing the incidence of systemic disease. Therefore, some combination therapies with TACE and sorafenib have been studied after attempting combination therapies of sorafenib and adjuvant therapy/hepatic arterial infusion chemotherapy after surgical resection or RFA with expected enhancement of the therapeutic effects of surgical resection/local therapy [39] .
To clarify the usefulness of sorafenib as a post-TACE adjuvant therapy, a placebo-controlled, randomized comparative study was conducted (post-TACE study). Sorafenib was administered to TACE-treated patients with HCC as a post-TACE adjuvant therapy until cancer progression was observed. However, the usefulness of sorafenib could not be demonstrated because no significant differences were observed between the sorafenib (n=229) and placebo groups (n=229) in the TTP [5.4 vs. 3.7 months; hazard ratio, 0.87 (0.70-1.09); p=0.252] and survival time [29.7 days vs. not reached; hazard ratio, 1.06 (0.69-1.64); p=0.790) [40] . As combination therapy was expected to prolong the time until TACE became clinically unusable, a randomized Phase II study was conducted in which TACE-sorafenib combination therapy and TACE-placebo were compared (sPACE study). Although the TTPs (primary end-point) were 5.6 months and 5.5 months in the sorafenib and placebo groups, respectively, with a hazard ratio of 0.797 (0.588-1.080; p=0.072), TTP was reported to be significantly longer in the sorafenib group because the significance level had been set at 15%. However, the study results do not allow us to state that the significant effect of TACE-sorafenib combination therapy was sufficiently clear because the time until TACE became clinically unusable [95 vs. 224 days; hazard ratio, 1.586 (1.200-2.096); p=0.999] was better in the placebo group and no significant difference was observed in the survival time [hazard ratio, 0.898 (0.606-1.330); p=0.295] [41, 42] .
Currently ongoing studies of TACE-sorafenib combination therapies include the TACE-2 study (NCT01324076) and ECOG1208 study (NCT01004978), which are being conducted in Europe and the U.S.A., as well as the TACTICS study (NCT01217034) being conducted in Japan. Therefore, clarification of the significance of concomitant sorafenib and TACE is expected in the future.
Conclusion and Future Perspectives
Although BCLC-stage B disease is internationally considered a good indication of TACE, BCLC-stage B categorizes cases as tumor numbers ≥4, Child-Pugh A-B, and performance status of 0-2. Therefore, a movement to determine whether DEB-TACE or Lip-TACE is more appropriate through clarification of the conditions in which the respective advantages are clear. The efficacy of DEB-TACE for Lip-TACE-resistant advanced HCC is also promising. Sorafenib therapy has been conventionally performed as a standard treatment for Lip-TACEresistant advanced HCC, according to a subanalysis of RCTs (SHARP trial and Asia-Pacific trial) conducted mainly in Europe, the U.S.A. and Asia [43, 44] . At present, DEB-TACE is not positioned as a replacement for Lip-TACE because no significant results were obtained in RCTs of DEB-TACE in Europe and the U.S.A. However, DEB-TACE may become a new treatment option for advanced HCC that has become refractory to Lip-TACE [45] [46] [47] . DEB-TACE is likely to have distinct pharmacokinetics/action mechanisms because in comparison to Lip, DEB can maintain higher levels of chemotherapeutic agent within tumors because of slower sustained agent release, and can thus reduce the peripheral blood level. Accordingly, DEB-TACE might be effective against Lip-TACE-resistant advanced HCC [47] . Currently, a multicenter Phase II study to determine the safety and efficacy of DEB-TACE for Lip-TACE-resistant advanced HCC is ongoing in Japan (Phase II trial of Transarterial Chemoembolization using Drug-eluting bead for advanced HCC refractory to Lipiodol-TACE: TALENT study, now registered NCI), and therefore we await further developments to determine whether DEB-TACE can potentially replace Lip-TACE as a standard therapy and to investigate the different applications of DEBs.
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